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dNTP-Dependent Conformational Transitions in the Fingers Subdomain
of Klentaq1
Paul J. Rothwell, William J. Allen, Evangelos Sisamakis, Richard Janissen,
Stanislav Kalinin, Suren Felekyan, Jerker Widengren, Gabriel Waksman,
Claus A.M. Seidel.
DNA polymerases are responsible for the accurate replication of DNA. Kinetic
studies indicate the requirement for multiple intermediate enzyme conforma-
tions in this process. Structural studies show a large conformational change
in the fingers subdomain of DNA polymerase on binding of a correct dNTP.
Using single molecule FRET we show that the conformational transition affect-
ing the fingers subdomain also takes place in the apo and DNA-bound forms of
the enzyme. In addition a third conformation is observed which is occupied
in the presence of dNTP alone, and in the presence of a non base pairing dNTPs.
The relative proportions of the identified states are altered dramatically depend-
ing on substrate. Binding of the correct nucleotide displaces this equilibrium
dramatically towards the closed form, while binding of an incorrect nucleotide
favors a more open conformation. The results suggest that the closed state is by
design less energetically favored, providing a thermodynamic brake on incor-
rect nucleotide insertion.
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Orientation of the g Shaft and Catalytic b Subunit in F1-ATPase in the
Intermediate State Revealed at the Single-Molecule Level
Takayuki Nishizaka, Mitsuhiro Sugawa, Tomoko Masaike.
The enzyme FoF1-ATP synthase catalyzes the synthesis of ATP from ADP and
inorganic phosphate (Pi) using proton-motive force (pmf) across a membrane.
The F1 sector containing a3b3gde subunits solely hydrolyzes ATP when iso-
lated, is thus called F1-ATPase. Now it is well established that both Fo and
F1-ATPase are rotary molecular motors sharing the common shaft: a3b3 cylin-
der in F1 rotates the g shaft when ATP is cooperatively hydrolyzed in three cat-
alytic sites located at a-b interfaces (Nishizaka et al., Nat. Struct. Mol. Biol.,
2004), whereas reverse rotation of the shaft by pmf through Fo synthesizes
ATP from ADP and Pi. The central question still remained unsolved is how
these two different reaction, pmf and hydrolysis/synthesis, are coupled through
the shaft from the structural point of view regarding the g subunit. Because of
asymmetric coiled-coil structure of the g subunit, rotation of the g subunit is
expected to accompany the additional motion against the rotation axis during
rotation. Here we scrutinize the rotation radius in an isolated a3b3g subcomplex
under optical microscope at the single-molecule level, and report the change of
radius, which notably suggest the tilting motion of the shaft, estimated to be
~4, between two chemical states. In contrast, we have already reported that
cooperative three-step motions in catalytic subunits of F1 correlate with 80

and 40 substep rotations, and thus revealed a previously undescribed set of
b conformations, open, closed and partially closed, in the ATP-waiting dwells
(Masaike et al., Nat. Struct. Mol. Biol., 2008). The conformation set presum-
ably correlates the tilting of the shaft, and effectively transforms to the Fo
rotation which couples to pmf.
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Organization of PDZ Domains in Full-Length PSD-95
James J. McCann, Mark E. Bowen.
PDZ (PSD-95/Dlg/ZO-1) domains are small (~90 amino acids) protein-
interacting modules that canonically bind c-terminal recognition motifs.
Multiple copies of PDZ domains within a single protein sequence are often
required for the proper functioning of multidomain scaffold proteins. While
the binding properties of isolated domains have been relatively well character-
ized, recent studies have demonstrated that interactions between PDZ domains
are capable of modulating the binding affinities of individual domains. Inter-
domain association between PDZ domains may play a crucial role in the
proper functioning of PDZ containing proteins but to date has been left largely
uninvestigated. PSD-95 is the canonical member of the membrane associated
guanylate kinase (MAGUK) family of PDZ containing proteins. Like all MA-
GUKs, PSD-95 is composed of three sequential PDZ domains followed by an
SH3 domain and an enzymatically inactive guanylate kinase-like domain. The
flexible linker regions between each PDZ domain and the apparent lack of
a fixed domain organization have made it difficult to characterize these do-
mains at the bulk ensemble level. Single-molecule FRET (smFRET) is a struc-
tural biology tool that is unaffected by the presence or absence of protein
structures outside the regions of interest, and is capable of accurately measur-
ing long range distances in dynamically fluctuating samples without the aver-
aging effects inherent in ensemble measurements. smFRET measurements
between multiple sites on each PDZ domain were used to observe the position
and orientation of PDZ domains in both full-length PSD-95 as well as in trun-
cated fragments. In combination with fluorescence correlation spectroscopy,isothermal titration calorimetry and molecular simulations, smFRET was
used to determine the dynamic structure of PDZ domains in PSD-95 and to
determine how this structure influences the binding modes for physiological
ligands.
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Single Molecule Fluorescence Studies of Antibody Structure
Michael T. Kelliher, Stephanie M. Reeve, Ian D. Agne,
Cathrine A. Southern.
The structures of antibodies have been examined using a variety of techniques.
Fo¨rster resonance energy transfer (FRET) is one technique well-suited for the
study of these highly flexible proteins. We will present results from single mol-
ecule FRET studies of the distribution of distances between the two-antigen
binding sites of an IgG antibody. The antibody studied is the catalytic aldolase
antibody 38C2 (Wagner, J.; Lerner, R. A.; Barbas, C. F. (1995) Science270,
1797). This antibody was chosen because it is known to covalently bind a dike-
tone hapten. By linking donor and acceptor dye molecules to the diketone hap-
ten, the antigen-binding sites were selectively labeled for FRET studies. The
FRET measurements involved the examination of photon bursts from freely
diffusing donor-acceptor labeled antibodies, from which a histogram of the
conformations present was constructed.
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Examining the Mechanical Dependency of Molecular Type I Collagen on
ion Species and Concentration
Heather Harper, C. Brad Bennett, Sagar A. Pandit, W. Garrett Matthews.
In the work to be presented, the polyampholyte behavior of molecular type
I collagen was explored. The success of tissue engineering is dependant upon
the development of suitable scaffolds for proper cell differentiation. Differen-
tiation is guided, in part, by the mechanical properties of the scaffold housing
the cells. Thus, characterization of the mechanics of the native scaffold is of
looming importance to this field. The fibrillar collagens, in particular type I col-
lagen, form the native scaffold. The mechanics of these fibrils are determined
by the properties of the collagen molecules from which they are formed, and
these properties are sensitive to the surrounding ionic environment.
The persistence length of molecular collagen was measured as a function of
both ionic strength and species in the solvent. It was found that the persistence
length increases with ionic strength, for all ion species tested, as might be pre-
dicted for a polyampholyte such as collagen. However, the functional form of
this increase was not constant for all ionic species, preventing the behavior
from being ascribed simply to ionic strength and the effects of electrostatic
screening. Using the curves resulting from this work, one can predictably
tune the stiffness of molecular collagen by controlling ion type and concentra-
tion in the solvent. The research outcomes inform those interested in the phys-
ics of biopolymers and those seeking to design biomimetic scaffolds for tissue
engineering applications.
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Species-Dependent Differences in Fibril Morphology and the Effects on
Basal Forebrain Neurons of a Prion Protein Fragment (Residues 127-147)
John Paul Glaves, Ludovic Renault, Kwai Alier, Przemek Gorski,
Jack Jhamandas, Howard S. Young.
Prion protein mis-folding is central to the transmission and pathobiology of
transmissible spongiform encephalopathies. Unfortunately, the heterogeneous
and aggregation-prone nature of the disease-associated mis-folded prion
protein has complicated its study. Fragments of the prion protein, such as
residues 106-126 and 127-147, exhibit amyloid-like fibril formation and neu-
rotoxicity in cell culture. These prion protein fragments serve as simplified
models for the study of the mis-folded prion protein and its role in disease.
We have characterized a fibril-forming peptide (residues 127-147) from
elk, hamster and bovine prion proteins. At neutral pH, the elk and hamster
prion peptides form distinct fibril morphologies. The hamster fibrils are
~20 nm in width, Thioflavin T-negative, and generally lack a repetitive heli-
cal structure. The elk fibrils are thinner (~15 nm in width), Thioflavin T-pos-
itive, and have a repetitive helical structure. Notably, the elk fibrils appear
more homogeneous in their morphology and helical periodicity, whereas
the hamster fibrils appear more heterogeneous and non-periodic. As observed
for the elk peptide, the bovine fibrils appear homogeneous in their morphol-
ogy and periodicity. Three-dimensional reconstructions from negative-stain
transmission electron microscopy images of representative elk, hamster,
and bovine fibrils highlight their distinct morphologies. Interestingly, the
elk prion peptide, but not the hamster peptide, significantly decreased whole
cell currents in rat basal forebrain neurons, similar to previous studies of a hu-
man prion peptide (residues 106-126; Alier et al., Journal of Neuroscience
Research, 2010).
